INTRODUCTION
Since the discovery of systemic antifungal propertie1) of carboxin (I) and oxycarboxin (II), a number of substituted carboxanilides have been prepared and their control over plant diseases caused by Basidiomycete fungi have been demonstrated.2,3) For instance, mepronil (III) and flutolanil (IV), which are substituted by an isopropoxy group at the meta-position of the anilino moiety, have been reported to have systemic activity toward the rice sheath blight fungus, Rhizoctonia solani KUHN var. sasakii and other Basidiomycetes, as shown in Table 1 .4,5) Structure-activity relationships and activities against Basidiomycete fungi have been extensively studied on carboxanilides. [6] [7] [8] In the course of search for new carboxamide fungicides, we have found BC723, N-(1,1,3-trimethylindan -4 -yl) -2-chloropyridine -3 -carboxamide (V) has potent fungicidal activity against wheat brown rust (Puccinia recondita) and rice sheath blight (Rhizoctonia solani) as well as grey mold caused by Deuteromycetes, Botrytis cinerea.9-11) BC723 has been found to inhibit the mitochondrial succinate dehydrogenase complex (SDC; mitochondrial complex II) of Botrytis cinerea.12) The acting site of carboxin, mepronil and flutolanil is also in the SDC of Basidiomycete fungi. 7, [13] [14] [15] This paper reports on the structure-activity relationships of N-(substituted-aryl)-2-chloropyridine-3-carboxamides as fungicides in pot tests against grey mold and rice sheath blight and as inhibitors of the SDC of Botrytis cinerea.
MATERIALS AND METHODS

Synthesis of Compounds
Compounds were prepared according to either one of the two routes shown in Fig. 1 . N -(Indan -4-yl) -2-chloropyridine -3 -carboxamides (4) having gem-dialkyl groups at the 1-position on the indan ring, compounds 16-19, were preparedd by rearranging16,17) N-(2-chloropyridine-3-carbonyl)tetrahydroquinolines (3) in the presence of an acid catalyst (Route A). The other carboxamides (6) were synthesized by reacting 2-chloropyridine-3-carbonyl chloride (1) with appropriate anilines or amines (5) in the presence of a base (Route B).17) N-Pyridinecarbonyl tetrahydroquinolines (3) were obtained by reacting corresponding tetrahydroquinolines (2) with pyridinecarbonyl chloride (1) in the presence of a base. Various substituted tetrahydroquinolines (2) were prepared as described previously,18_) or by catalytic hydrogenation of corresponding dihydroquinolines which had been synthesized by Vaughan's method. 19) 2-Chloropyridine-3-carbonyl chloride (1) was prepared by reacting commercially available acid with thionyl chloride.
Various substituted anilines or amines (5) used for Route B were either obtained commercially or synthesized by known methods as follows: 4-Aminoindans without gem-dialkyl groups at the 1-position were prepared by Schmidt reaction20) of the corresponding carboxylic acid.21,22) 4-Amino-2-oxaindans,23) 4-amino-2-thiaindans,24) aminobenzofurans,25-27) 4-aminobenzodioxoles and aminobenzodioxanes28, 29) were synthesized according to the methods described in literature. 8-Aminobenzopyrans were synthesized by the method of Shriner & Sharp. 30) The structures of compounds were con- A mixture of N-(2-chloropyridine-3-carbonyl)-2, 2, 4-trimethyl-1, 2, 3, 4-tetrahydroquinoline (550 g, 1. 75 mol) in an aqueous 85% H, SO4 solution (3.21) was heated at 60C for 4 hr. After cooling, the reaction mixture was poured into ice water and extracted twice with chloroform. The combined organic layer was washed with water, NaHCO3 aq and brine, and concentrated in vacuo. The residue was recrystallized from n-hexane and ethyl acetate to yield a white crystalline product (17 (4) by Route B To a solution of 3-isopropoxyaniline (0.9 g, 6. 0 mmol) and triethylamine (0.7 g, 6.9 mmol) in ethyl acetate (10 ml) was added 2-chloropyridine-3-carbonyl chloride (1. 1 g, 6. 2 mmol) under ice cooling and the mixture was stirred at room temperature for 1 hr. The reaction mixture was poured into ice water and extracted with ethyl acetate. The extract was washed with water and brine, and concentrated in vacuo. The residue was chromatographed (SiO2, hexane-ethyl acetate =1: 1) to give compound 4 (1. 64 g, 95% yield); nD 1. 5923, Anal. 2. Biological Tests 2. 1 Preventive test against grey mold on cucumber An aqueous solution of wettable powder containing 20% of the compound at appropriate concentrations was applied to cotyledon-stage cucumber seedlings (Cucumis sativus var. Suyoh). A spore suspension of Botrytis cinerea containing 10 x 105 spores/ml was held on a paper disk 8 mm in diameter with yeast glucose medium, and inoculated in the center of detached cotyledons. The inoculated cotyledons were kept in a moist chamber maintained at 20-21C for 4 days. The disease rate was measured by the degree of infected area on the cotyledons and the protective value was calculated from the following formula:
Protective value(%)
, 0.15% BSA, pH=7.5). The cells were disrupted by shaking with glass beads in a Braun MSK homogenizes for 30 sec with liquid carbon dioxide cooling. The homogenate was centrifuged at 1000 x g for 10 min and the pellet was discarded. The supernatant was centrifuged at 15,000 x g for 20 min and the pellet collected. The pellet was suspended in a medium consisting of 250 mM sucrose and 3 mM tris-HCI pH = 7.5 and recentrifuged at 15,000 x g for 20 min. The obtained pellet of mitochondria was finally suspended in the medium to give a protein concentration of 1 mg/ml. Enzyme complex activity: Succinate dehydrogenase activity was assayed spectrophotometrically by measuring the rate of 2,6-dichlorophenolindophenol dye reduction at 600 nm.7)
From the relationships between inhibition value and inhibitor concentration in enzyme tests, molar 150 (50% inhibition) values were determined. The results are lsted in Tables 2  3 and 4 , expressed as pISo (= log 1/150). 2.3 Preventive test against rice sheath blight on rice An aqueous solution of wettable powder containing 20% of the compound at appropriate concentrations was applied to 3rd or 4th leaf-stage rice seedlings (Oryza sativa var. Akinishiki). After air drying the chemical liquid, a mycelial suspension of Rhizoctonia solani cultured in yeast glucose medium was inoculated by spraying. After keeping the inoculated rice seedlings in a moist chamber at 25C for 40 hr and maintaining them in a greenhouse for 3 days, the disease rate was measured by observing the infected area appearing on the leaf blades. The protective value was calculated from the same formula as in the grey mold test.
From the relationships between protective value and concentration in pot tests, molar EC50 (50% prevention) values were determined. The results are listed in Tables 2, 3 and 4, expressed as pEC50 (= log 1 /ECSo). RESULTS 
AND DISCUSSION
Various N-(substituted-phenyl)-2-chloropyridine-3-carboxamides and their fungicidal activities are summarized in Table 2 . Derivatives substituted by alkyl or alkoxy groups at the meta-position on the aniline ring, such as compounds 2-4, showed high activity against rice sheath blight in the pot tests. On the other hand, those having alkyl, alkenyl, alkoxy or phenyl groups at the ortho-position, such as compounds 5-9, showed high activity against grey mold and low activity against rice sheath blight. The enzyme test data also indicated that the substituents at the ortho-position affected the inhibitory activity against Botrytis cineyea.
The derivatives having alkyl or alkoxy groups at both ortho-and meta-positions, such as compounds 10 and 11, showed fairly good activity against both grey mold and rice sheath blight. This suggested that ortho-substituents and meta-substituents in the anilino moiety independently influenced fungicidal activities against grey mold and rice sheath blight. If the substituents at ortho-and meta-positions could have been fixed in proper conformations, they would have been able to enhance the fungicidal activities against both diseases. Therefore, various N-(fused-aryl)-2-chloropyridine-3-carboxamides, such as indanyl or miscellaneous fused aryl carboxamides, were examined for fungicidal activities as fixed models of the substituents. Table 3 shows various N-(substituted-indanyl) -2-chloropyridine -3 -carboxamides and their fungicidal activities. A derivative substituted by a methyl group at the 3-position on the indan ring (13) had activity against grey mold 30 times higher than an unsubstituted derivative (12) , whereas their activities against rice sheath blight were almost the same. A derivative having a methyl group at the 2-position (14) gave almost the same levels of activities against grey mold and rice sheath blight as compound 12. Derivatives with a methyl group at the 1-position (15 and 16) showed 10-fold higher activity against rice sheath blight than compound 12, whereas their activities against grey mold were almost the same. Compounds 17, 18 and 19, both of whose 1-and 3-positions had been substituted by alkyl groups, exhibited about 100-fold higher activity against both diseases than compound 12. The pot test data suggested that alkyl substituents at the 3-position on the indan ring were important in governing antifungal potency against grey mold and that those at the 1-position in controlling antifungal activity against rice sheath blight. The enzyme test data on compounds 13, 17 and 19 also indicated that alkyl substituents at the 3-position could contribute to an increase in the inhibitory activity against Botrytis cinerea. The activity of compound 13 was about 100-fold higher than compounds 6 or 11, anilides having alkyl groups at the orthoposition in the anilino moiety. Such drastic enhancement of fungicidal activity in the enzyme tests might have been caused by the alkyl group at the 3-position oriented to a conformation, which allowed more effective binding to the SDC receptor site.
Carboxamides having miscellaneous fused aryl at the N atom were examined for fungicidal activities in pot and enzyme tests. The data are given in Table 4 . Oxaindanyl carboxamides such as compounds 21 and 22 were 10-fold less active against grey mold in the pot tests and 100-fold less active in the enzyme tests than the corresponding indanyl carboxamides such as compounds 13 and 17. Thiaindanyl or benzofuranyl carboxamides (e. g., 20, 27 and 28) were over 10 and 35 times less active respectively against grey mold in the pot tests and in the enzyme tests than the corresponding indanyl carboxamide (13) . Such results showed that the introduction of heteroatoms into the ring reduced the activities against grey mold. This may have been due to a decrease in the hydrophobicity of the molecule. The fungicidal activities of benzof uran (24 and 25), benzopyran (30 and 31) and benzodioxane derivatives (32 and 33) were elevated in the pot and enzyme tests as the length of alkyl substituents increased. This again supported the importance of hydrophobicity for fungicidal activity against Botrytis cinerea.
Thiaindanyl, oxaindanyl and benzofuranyl carboxamides suchh as compounds 20, 21, 22, 23, 27 and 28 were virtually the same in the activity against rice sheath blight as the corresponding indanyl carboxamides (e. g., 13, 17 and 18) . This indicated that the introduction of heteroatoms into the ring did not affect the activity against rice sheath blight and that alkyl groups on the miscellaneous fused aryl could have played the same role toward the fungicidal activity as those on the indanyl carboxamides. Compound 33, derivative having a methyl group at the 4-position on the benzodioxane ring, gave as high activity against rice sheath blight as the trimethylindanyl derivative (17) , whereas an unsubstituted derivative at the position (32) were low active. This data supported that the substituents at the position were a factor of consequence in controlling antifungal activity against rice sheath blight.
Our SAR studies on various 2-chloropyridine-3-carboxamides and their fungicidal activities suggested the following hypothesis: Alkyl substituents at a position ortho to the amino group and molecular hydrophobicity are important factors to determine antifungal activity against grey mold, whereas metasubstituents are important to control antifungal activity against rice sheath blight.
